Piper longum L. (Piperaceae) commonly known as ''long pepper'' is a well known medicinal plant in ayurveda. Different parts of this plant, such as root, seed, fruit, whole plant etc. are used traditionally in various ailments. Here we have investigated the antidermatophytic activity of sequentially extracted petroleum ether, chloroform, methanol and water extracts from P. longum leaf against Trichophyton mentagrophytes, T. rubrum, T. tonsurans, Microsporum fulvum and M. gypseum. Better activity of chloroform and methanol extracts was observed. The chloroform extract was selected for further study and the MIC value was recorded as 5.0 mg ml -1 against the test organisms. In the chloroform extract, tannins and phenolic compounds were detected. Further activity-guided fractionation of chloroform extract by silica gel column chromatography yielded nine major fractions. Among these, fraction-1, 4, 5 and 7 showed higher antidermatophytic activity. Fraction-4 on further purification by repeated column chromatography yielded a potential antidermatophytic fraction showing MIC value of 0.625 mg ml -1 against T. mentagrophytes and T. rubrum as determined by broth microdilution method. The major compounds were identified as 1,2-benzenedicarboxylic acid, bis(2-ethylhexyl) ester (C 24 H 38 O 4 ] (41.45 %), 2,2-dimethoxybutane (C 6 H 14 O 2 ] (13.6 %) and b-myrcene (C 10 H 16 ) (6.75 %) based on GC-MS data.
Prevalence of dermatophyte infections has been reported from various parts of the world [1, 2] . In Northeast India, dermatophytoses predominate among various the skin diseases [3] [4] [5] . Since the majority of the antifungal drugs used in treatment of such infections have several drawbacks, research on novel and effective antifungals from alternative sources is urgently needed. The beneficial role of herbs in therapeutic treatment is an important breakthrough in the history of mankind. Traditional folk medicines are the best examples for phytoremedy of fungal infections [6] [7] [8] . It is therefore pertinent to test plants used in traditional medicines for exploring the scientific rationale and to search for a potent source for antifungal drug. The northeastern part of India including Eastern Himalaya is very rich in medicinal plants and one of the two centres of species diversity of Indian Piper (Piperaceae) [9, 10] . Forty species of Piper were reported from this region. Piper species are of great interest owing to their biological properties and a number of isolated bioactive molecules [11] [12] [13] . The local people use 10 species of Piper as insecticidal, larvicidal, fungicidal, carminative, antidote etc. [9] . Piper longum L., a wildly abundant species in this region is a highly valuable drug and is essential ingredient in many ayurvedic formulations. Medicinal uses of P. longum essential oils, roots, fruits and whole plants were reported earlier [14] . In spite of its numerous medicinal properties there is no report on P. longum leaves related to antidermatophytic activity. The methanol extract from P. longum (leaf) showed significant antidermatophytic property. Hence the present study was undertaken to isolate and characterize the active antidermatophytic components present in P. longum leaves through bioassay-guided fractionation.
Materials and Methods

Dermatophyte Culture
The cultures of dermatophyte species namely Trichophyton mentagrophytes (MTCC 8476), T. rubrum (MTCC 8477), T. tonsurans (MTCC 8475), Microsporum fulvum (MTCC 8478) and M. gypseum (MTCC 8469) were maintained on sabouraud dextrose agar (SDA, Himedia) and sabouraud dextrose broth (SDB, Himedia).
Plant Material
Fresh leaves of P. longum were collected from the foothills of the Himalayan range in Assam-Arunachal Pradesh border. The plant was identified by Dr. P.R. Gajurel, North Eastern Research Institute of Science and Technology, Itanagar, Arunachal Pradesh, India and further authenticated at Botanical Survey of India, Kolkata, India. The voucher specimen was preserved at DRL, Tezpur, India. Extraction Shade dried powdered leaves (100 g) were extracted sequentially with petroleum ether, chloroform, methanol and water ( Fig. 1) [15] . The extracts were filtered using Whatman filter paper (No-1). Solvents were evaporated under reduced pressure at 40°C using rotary evaporator, lyophilized and kept in glass vials at -20°C till further use.
Fractionation of Chloroform Extract
Preactivated silica gel (230-400 mesh, 125 g) was loaded as slurry prepared in petroleum ether into a glass column (400 9 40 mm). The chloroform extract (1.25 g) was dissolved in little amount of chloroform and adsorbed on preactivated silica gel (12.5 g] and loaded into the column and successively eluted stepwise by gradient of petroleum ether, ethyl acetate and methanol (40 %) (10 % increase/ step) and 45 fractions were collected. Fractions with similar TLC profile (Silica gel F 254 aluminium backed sheet, Merck) were pooled into nine major fractions (F-1-F-9) and evaluated against T. mentagrophytes by agar well diffusion method.
Purification of Fraction
The active fraction (F-4), among the nine fractions was further purified using silica gel column chromatography (silica gel: 230-400 mesh, fraction: 33 g, column size: In Vitro Evaluation for Antidermatophytic Activity
Test solutions of extracts/fractions were prepared in dimethyl sulphoxide (DMSO, w/v), filter sterilized (Millipore filter, 0.22 lm) and tested for antidermatophytic activity by agar well diffusion [16] and agar dilution [17] methods. In agar well diffusion method, SDA plate (80 mm dia.) was swabbed with 150 ll of the inoculum (2.5 9 10 4 c.f.u. ml
). A well of 8 mm diameter was made in each plate, loaded with 150 ll of the test sample (5 mg ml -1 ). The plates were incubated at 28 ± 2°C for 15-20 days. The activity was determined by measuring the diameter of the zone of inhibition. In agar dilution method test extract was incorporated in sterilized molten SDA medium at the concentration of 5, 2, 1, 0.5 mg ml [17] . The lowest concentration of the extract showing no visible mycelial growth was considered as MIC.
The MIC of the isolated fraction obtained from second step column chromatography was determined by broth microdilution assay with some modifications [18] . Twofold serial dilutions (0.0039-5 mg ml -1 ) of the fraction were prepared in DMSO in 96-well microtiter plate with RPMI 1640 (Rosewell Park Memorial Institute, Himedia). Inoculum concentration of approximately 2.5 9 10 4 c.f.u. ml
was adjusted in each well. The plates were incubated at 28 ± 2°C for 15-20 days. DMSO was used as negative control while clotrimazole and griseofulvin were used as positive control. Each experiment was performed in triplicate and repeated twice. The MIC was interpreted as the lowest concentration of the test samples showing no visible growth.
Determination of Longevity of the Chloroform Extract
The longevity of the chloroform extract was observed by storing it at 4°C and room temperature (25-34°C) for 180 days and evaluating the activity of the extract (5 mg ml -1 ) against T. mentagrophytes by determining the radial growth at 1 month interval.
Phytochemical Analysis
Chloroform extract of P. longum leaves was analyzed for the presence of alkaloids, phenolic compounds, tannins and saponins. Test solution of 50 mg/ml was prepared in acetone. For alkaloids, 1 ml test solution was treated with a few drops of Dragendorfs reagent and Mayer's reagent separately [19] . For the presence of phenolic compounds, 1 ml of the test solution was treated with 1 % ethanolic ferric chloride [20] . The test for tannins was carried out with 0.1 % FeCl 3 [21] . Test solution (1 ml) was mixed with 5 ml water and shaken and observed for stable froth, further mixed with olive oil (3 drops) and shaken to observe formation of emulsion [19] .
Gas Chromatography Mass Spectroscopy (GC-MS) Analysis of the Isolated Fraction
The GC-MS analysis was performed in EI mode on a GCMS, Perkin Elmer, Turbomass gold, GC-Autosample xL (Perkin Elmer International, Boesch, Huenenberg, Switzerland) system with fused capillary column Elite-1, dimethylpolysiloxane, 30 m 9 0.25 mm 9 0.25 lm directly coupled to mass detector. The mass spectrometer was operated at 70 eV. Injection conditions were as follows: Column temperature 40-250°C at a rate of 4°C/1 min; carrier gas was He: 1 ml/min; sample injection volume 1 ll. The bioactive constituents were identified based on the comparison of mass spectra with those of data available in the National Institute of Standards and Technology libraries (NIST/EPA/NIH mass spectral library).
Results and Discussion
The extractive value of each solvent extract from P. longum (leaf) was recorded (Fig. 1) . It seems that the polarity of the solvent played an important role in extracting the plant components as well as their activity. In preliminary agar dilution assay, the chloroform and methanol extracts were found to be more active than its petroleum ether and water extracts. The differential activity might be due to either difference in plant constituents in each extract or tolerance of the pathogens to different plant constituents. Similar observations were reported earlier [15] [16] [17] . The MIC of the chloroform extracts was recorded as 5.0 mg ml -1 for all the test dermatophytes, however this extract showed some activity at 0.5 mg ml -1 causing 38.4, 37.3 and 44.7 % inhibition of T. mentagrophytes, T. rubrum and T. tonsurans respectively. In case of M. fulvum and M. gypseum the inhibition was 38.3 %.
Chloroform extract retained its activity up to 150 and 90 days respectively at 4°C and room temperature (25-34°C). The extract was soluble in coconut oil, DMSO, methanol, ethyl acetate and hexane, while insoluble in water. These findings would be useful in various biological experiments. Phytochemical analysis of the chloroform extracts of P. longum leaf revealed the presence of tannins and phenolic compounds and absence of alkaloids and saponins.
Fractionation leading to isolation of active compounds should result higher activity than the original extract. This approach forms the basis of discovery of many important natural bioactive compounds [22] . Since plant materials are highly complex profiles of phytochemicals, isocratic separation cannot achieve satisfactory separation, therefore multiple mobile phases in increasing polarity were used to separate target components from the chloroform extract. Among the fractions, separated from the chloroform extract, fraction 1, 4, 5 and 7 were found to be highly promising (inhibition zone: 25-32 mm at 5 mg ml -1 ) against T. mentagrophytes (Table 1; Fig. 2) .
Fraction-4 obtained from first step column chromatography on further fractionation resulted into successful isolation of antidermatophytic components. Among 11 major fractions, the forth fraction (F-4d) eluted with 70 % petroleum 
T. mentagrophytes
Combined column fraction (Conc: 5 mg ml ether in dichloromethane was obtained as a deep orange coloured material (3 mg) and found to be potentially active (MIC value: 0.625 mg ml -1 ) against T. mentagrophytes and T. rubrum. Griseofulvin and clotrimazole showed MIC value of 0.313 mg ml -1 against the two dermatophytes tested (Fig. 3) . The better antidermatophytic profile as observed in purified fractions might be due to the presence of many undesirable compounds in the crude extract that probably got removed during fractionation.
The sub fraction-4 was soluble in hexane, dichloromethane and partially soluble in methanol and water. Analysis of GC-MS spectrum of the fraction (F-4d) indicated the presence of three major compounds such as 2-benzenedicarboxylic acid, bis (2-ethylhexyl) ester, 2,2-dimethoxybutane and b-myrcene apart from ten other compounds in traces (Table 2 ; Fig. 4 ). It is difficult to attribute the activity of a complex mixture to a particular component. Nevertheless, it is reasonable to speculate that the activity of sub fraction-4(d) might be due to major compounds, since in most cases, the inhibitory activity of extracts or fractions has been attributed to the most dominant components [23] . In our study we observed the antidermatophytic effect of these compounds in combined form. However, purification of the major compounds is being carried out to ascertain the activity of the compounds in pure form. The major compound, 1,2-benzenedicarboxylic acid, bis(2-ethylhexyl) ester was previously isolated from rice (Var-Taichung Native-1) [24] . The presence of b-myrcene was also recorded in the essential oil from Artemisia herba and lemon grass [25, 26] and leaves and flower of Bidens pilosa [27] . A number of bioactive compounds including fungicidal compound, pipernonaline have been isolated from P. longum [11, 13, 28, 29] . However, most of the compounds were isolated from the fruits and other parts of P. longum. There are no reports on isolation of antidermatophytic compound from P. longum leaves. It may be presumed that phytochemicals identified in P. longum in the present study may play major roles in the antidermatophytic activities.
Conclusion
The potent antidermatophytic fraction consists of three major compounds, might be responsible for the activity. Hence, further investigation on these compounds for in vivo efficacy and safety to determine the viable prospects of the compounds as antidermatophytic agents is highlighted. Further studies on isolation of the compounds from the active fractions reported here in under progress.
